INTRODUCTION
. Because of the extensive use of this adsorbent as a feed additive in China, we carried out this in vivo experiment to evaluate the efficiency of yeast cell wall (YCW) in sequestering mycotoxins and its safety towards broiler chickens.
Therefore, this study was conducted to evaluate the effects of naturally contaminated diets (NCD) on growth performance, serum biochemical parameters, carcass traits, and the splenic Hsp70 mRNA expression levels in broiler chickens, and to determine the efficacy of YCW in alleviating mycotoxin-induced effects.
MATERIALS AND METHODS

Adsorbents
Detoxza, a commercial YCW adsorbent, was obtained from AB Co Products Asia (Harbin, China). The main component of YCW adsorbent used in this study is a kind of highly refined polysaccharide complex with a unique adsorptive capacity.
Experimental animals, diets, and management
Three hundred 1-d-old Arbor Acres broiler chicks (mixed sexes) were obtained from a local commercial hatchery (Shandong, China). All broiler chicks were individually weighed, wing-banded, and randomly allotted to 3 treatments in completely randomized design. Each treatment group has 5 replicate pens (1.22×1.08×0.45 m 3 ) with 20 birds. The treatments were as follows: i) basal diet (control), ii) NCD with mycotoxins, and iii) NCD+0.2% YCW adsorbent (NCDD). The NCD treatment were formulated by replacing non-contaminated corn that used in the control diet with naturally mycotoxin-contaminated corn, and the NCDD treatment diet was completed by adding adsorbent into the contaminated diets. All diets were prepared in a single batch per treatment group and then stored in covered containers prior to feeding (Table 1) . Nutrient concentration of all diets met or exceeded the minimum requirements according to Feeding Standards for Chicken in the People's Republic of China (NY/T 33-2004) .
Throughout the experiment, all broiler chickens were kept in an environmentally controlled room with ad libitum feeding and watering. The room temperature was maintained at 32°C for the first week, and then reduced 3°C weekly until the temperature reached 26°C. All animals used in this study were cared for strictly following the animal care and use protocol approved by the Animal Nutrition Research Institute of Shandong Agricultural University.
Mycotoxin quantification
Representative control and the contaminated diets were taken before and at the end of the starter and grower diet periods and analyzed for mycotoxin concentrations by the Asia Mycotoxin Analysis Center (Chaoyang University of Technology, Taichung, Taiwan). DON was analyzed using high-performance liquid chromatography. Fluorometry and enzyme-linked immune-assay were used to measure ZEN, FUM, and AFL concentrations. Mycotoxin concentrations are presented in Table 1 . The detection limits for these mycotoxins were 1 μg/kg for AFL, 0.1 mg/kg for ZEN, 0.1 mg/kg for DON (including 3-acetyl deoxynivalenol, 15-acetyl deoxynivalenol, and nivalenol), and 0.25 mg/kg for FUM.
Growth parameters
Daily mortality was recorded. All broiler chickens were weighed individually each week to determine the average daily gain (ADG). Orts and spillages were collected and weighed daily to determine the average daily feed intake (ADFI). The feed conversion ratio (FCR, g of feed/g of gain) was calculated based on these data at the end of each diet period.
Sample collection
After fasting for 12 h, ten broilers from each treatment (2 per pen) were randomly selected in the morning of d 21 and d 42. Approximately 10 mL of blood were collected from the jugular vein of each broiler into non-heparinized tubes. After incubated at 37°C for 2 h, the serum was separated by centrifugation at 1,500×g for 10 min and stored in 1.5-mL centrifuge tubes at -20°C until biochemical analysis. Broiler chickens were then humanely euthanized by cervical dislocation. Spleen tissues were collected from each broiler chicken and another part was stored at -80°C for Hsp70 analysis.
Carcass traits
After blood sampling, the birds were weighed, slaughtered, de-feathered, processed (removal of head and feet), and eviscerated. Then eviscerated yield, breast meat and thigh meat of each broiler chicken were weighed. Eviscerated yield percentage was calculated as a percentage of live body weight. Breast meat percentage and thigh meat percentage were calculated as a percentage of eviscerated yield.
Serum biochemical parameters
Cholesterol, triglyceride, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and uric acid levels in the serum were determined by a diagnostic kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) using an automatic clinical chemistry analyzer (Roche, CobusMira-Plus, Roche Diagnostic System Inc., Los Angeles, CA, USA).
Determination of spleen Hsp70 mRNA expression levels by real-time polymerase chain reaction
Total RNA was extracted from splenocytes using an ultra pure RNA extraction kit (Cat#CW0581, CWbio. Co. Ltd., Beijing, China). The RNA concentrations and integrity were determined by agarose gel electrophoresis using 5 µL samples. The DNAse treated RNA was used for cDNA synthesis using a HiFi-MMLV cDNA First Strand Synthesis kit (Cat#CW0744, CWbio. Co. Ltd., China) with random primers and stored at -80°C. The real-time polymerase chain reaction (RT-PCR) reactions were performed by an RT-PCR system (Roche 480, Roche Diagnostic System Inc., Los Angeles, CA, USA) using UltraSYBR Mixture, ROX (Cat#CW0956, CWbio. Co. Ltd., China). After denaturing at 95°C for 10 min, the PCR amplification was performed for 40 cycles (95°C for 15 s and 60°C for 1 min), followed by a final extension step (72°C for 10 min). The splenic Hsp70 mRNA expression levels were normalized with the relative intensity of the β-actin gene. The sequences of oligonucleotide primers used in RT-PCR analysis are presented in Table 2 .
Statistical analysis
Data were analyzed as a completely randomized design using the GLM procedure of SAS (Version 9.0; SAS Inst. Inc., Cary NC, USA). The pen was used as the experimental unit. The data were analyzed as a completely randomized design to examine the overall effect of treatments. Differences among treatments were separated using Duncan's multiple range test and accepted as significant if p<0.05. 
RESULTS
Growth performance
The ADFI did not differ significantly among treatments during the starter or grower diet period (Table 3) 
Carcass traits
Both the breast meat percentage and thigh meat percentage of the NCD group were significantly higher (p<0.01) than that of the control group on d 21, but not on d 42 (Table 4 ). All broiler chickens had similar eviscerated yield percentage during the entire experimental period.
Supplementation with YCW reduced (p<0.01) the effect of mycotoxins on the breast meat percentage and thigh meat percentage on d 21 compared to the NCD.
Serum biochemical parameters
The NCD group showed significantly increased levels of triglycerides (p<0.05) and cholesterol (p<0.05) on both d 21 and d 42 compared to the control group (Table 5) 
Splenic Hsp70 mRNA expression levels
The splenic Hsp70 mRNA expression levels of control, NCD, and NCDD groups on d 42 are presented in Figure 1 . The NCD group showed significantly higher (p<0.01) Hsp70 mRNA expression levels than that of the control group. Supplementation with YCW improved (p<0.01) the splenic Hsp70 mRNA expression levels compared with the NCD group.
DISCUSSION
Although each ingredient had been carefully selected, the AFL, ZEN, FUM, and DON were detected in the basal diet, which may suggest that chicken feeds are extensively contaminated with mycotoxins in China. However, the levels of AFL, ZEN, FUM, and DON were considered acceptable, since they were in compliance with the regulations of the Food and Agriculture Organization of the United Nations (FAO, 2006 ; AFL, 20 µg/kg; ZEN, 1 mg/kg; FUM, 3 mg/kg; and DON, 2 mg/kg).
The common symptom of mycotoxins in poultry is poor growth performance (Chowdhury and Smith, 2004) , which results in massive economic losses. The effect of mycotoxins on growth performance of broiler chickens was contradictory. In the current study, ADG of broilers in NCD was significantly reduced and the mortalities of chickens fed the NCD were higher compared to those provided the basal diet, but without any changes in ADFI. These results indicated that the adverse effect of mycotoxins on ADG was probably due to impairment of nutrient absorption and inhibition of protein synthesis (Klasing and Barnes, 1988) , other than the attenuation of feed intake. Xu et al. (2011) also observed that body weight gain reduced with increasing concentrations of dietary DON without affecting the overall feed consumption of broilers as the mucosal lining of the gastrointestinal tract was altered. In contrast, Awad et al. (2006) indicated that body weight, body weight gain, and feed conversion were not affected by the inclusion of 5 mg/kg of DON in the feed. It has been reported that synergistic effects among mycotoxins can multiply their individual adverse effects (Conkova et al., 2003) . Therefore, this inconsistency of results may be due to the presence of other mycotoxins and their synergistic effect in the liver, which therefore inhibited protein and DNA syntheses (Huff et al., 1988) .
Very limited information is available on the effect of feeding mycotoxin-contaminated grains on carcass traits of broilers. In the present study, the beast meat percentage and thigh meat percentage of the NCD group were significantly higher than that of the control group on d 21, without significantly changes in eviscerated yield percentage, breast meat percentage and thigh meat percentage on d 42. This may be because Zearalanol promotes protein synthesis and increases the lean meat ratio in a manner similar to estrogen (Wang, 2013) . However, its mechanisms still need further research.
Changes in serum biochemical parameters can be used to predict toxic effects of aflatoxicosis before the appearance of major symptoms (Kececi et al., 1998) . In this study, the NCD resulted in an increase in triglycerides and cholesterol, and a decrease in the concentration of HDL as compared to the control diet. Hedayati et al. (2014) have reported that cholesterol level has been increased significantly by addition of AFL into the diet. Chowdhury and Smith (2007) also observed plasma cholesterol concentration increased compared with controls when birds were fed contaminated grains. Increased cholesterol levels may be attributed to the hepatotoxic effects of AFL, ZEN, FUM, and DON or their synergetic effect that characterized by impairment of transport and lipid metabolism of liver (Rosa et al., 2001) . The HDL can remove cholesterol from the blood vessels and carries it back to the liver, where it can be processed and sent out of the body. The liver is an important place for synthesis of HDL. The reduced HDL may suggest that mycotoxins exert a toxic effect on liver of the chickens.
One of the key cellular responses to toxicant exposure, which could potentially be used as early marker of toxicity, is the heat shock response (Carnevali and Maradonna, 2003) . The Hsp70 is closely related to cytoprotection and induced in response to toxic stress (Hassen et al., 2007) . In this study, the results clearly indicated that mycotoxins induced an increase in the splenic Hsp70 mRNA expression levels. Previous reported studies also showed significant changes in the expression levels of Hsp 70 mRNA in different cell lines (El Golli et al., 2006 ) that may be due to systemic inflammation, oxidative stress (Hassen et al., 2007) , or tissue damage caused by mycotoxins.
A variety of adsorbents that prevent mycotoxicosis have been extensively studied in livestock (Huwig et al., 2001) . It has been shown that glucomannan polymer was efficacious in preventing some adverse effects of Fusarium mycotoxins in broiler chickens (Swamy et al., 2002b) , swine (Swamy et al., 2003) , and laying hens (Chowdhury and Smith, 2004) . Yeast β-D-glucan has been also shown to be a suppressor of mycotoxin effects (Yiannikouris et al., 2004) because it has a large surface area and high adsorption capacity. In the current study, the improved results of ADG on 0 to 42 d, cholesterol on d 21, triglycerides in serum on both d 21 and d 42, HDL in serum on d 42 and the splenic Hsp70 mRNA expression levels on d 42 in NCDD group compared to NCD group may due to YCW partially trapping the mycotoxin molecule in its glucomannan matrix and preventing toxin absorption from the gastrointestinal tract (Che et al., 2011) . Li et al. (2012) reported that supplementation of YCW to the NCD showed a positive effect against oxidative stress (total superoxide dismutase, malondialdehyde in serum) and on immunological parameters (splenic mRNA expression of interleukin1-1β and interleukin-6). Therefore, the YCW could potentially be an effective method to adsorb and sequester mycotoxins, leading to the reduction of toxin bioavailability (Kogan and Kocher, 2007) .
In summary, this study showed that diets naturally contaminated with mycotoxins negatively affected growth performance, carcass traits, and some serum biochemical parameters. The YCW that added to NCD prevented some adverse effects of mycotoxins on broiler chickens. These results suggested that YCW might be beneficial in counteracting the effects of mycotoxins. However, further research is required to evaluate the addition of YCW in feeds at different concentrations, in order to define the optimum application rate for the reduction of mycotoxin effects.
